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[0001] 

-{TECHNICAL FIELD} reinforC e m ent method 

The present invention re.ates to RG^ama 
^^^^^^C^dM uti.iz.ng stee. 



build.ng of low se.sm.c 

external surfaces around open.ngs such as wmdo 
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- [PR I OR ART f- 
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[0003] m ctn.rtures Such a reinforcement 

A brace ie **m meane for ™<°<™ — omce 
^ is e,eo applicable ,o '—^ 7^ „ a „ sidee. i.e.. 

i ::r:r::r: r; r - — - 

beams bridged over said columns. 

100041 R C-structure since it is impossible 

AP-^^^^-^^^ ^RC-beam thereof. 
I to directly bridge a brace over an_RC colurn ^ ^ 

— - — °« - . - — - » 

Elfl^JiW is an example of a_stee. p , portal fra me with 

^een^en^^^^ ^ ^ 
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100071 a ^s^mn that the steel portal frame without 

, t h ..n recoan.zed-^-^^ bec^usejhe 

trlhlltM t0 fef the reinforcement of ajs_RC-structure pec.* 

braces never contr.butes fcjof RC -column forces and 

,,n nf hninn m" fg deformative undej_wa» uis_^ 

^^u^to introduce braces ,nto trustee 
^ that a brace is indispensable for he 
Restructure has already been_widely and deep.y a^cepted^-*^ 



builders. 
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reinforce the_RC-structure, ^therefore, 
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^^^^^^ 
The braces fixed close w 



apartment house spoil the view from the windows even if the braces are industrial 
refined products. The circumstance that even an_inhabitant who wants to reinforce 
the apartment house does not always want aUew windows with braces in jo b el ong 
his own living space often delays the seismic reinforcement of the apartment 
house as far a s there is a conflict between the interest of those botw ee n th e 
inhabitants who are fe em§ forced to have windows with braces and other inhabitants 
who are not b e ing forc e d te l e ft . 
[0015] 

The introduction of a_brace into the steel portal frame requires the use of a 
gusset-plate 59, as there must be b e s i d e s, r e qu i r e s a plenty of steel for the 
reinforcement of the steel beam 58 to which the gusset-plate 59a isjixed compared 
with the quantity spent for the reinforcement of the crossing of column and beam 
holding the gusset-plate 59b. The span of the old building requiring the seismic 
reinforcement is generally so short that small steel portal frames for the building 
are often used. This means t each e s us that the amount rato of occupat i on of the 
secondary steel, i.e., gusset-plates, stiffening plates, etc., against the amount of 
steel used for columns and beams of the portal frames will rise to uneconomic 
levels un e conom i caHv ri se. 
[0016] 

The object of the invention is to provide a p ropos e RC bui l d i ng seismic 
reinforcement method for RC buildings utilizing steel portal frames without braces 
in order to solve the problems mentioned aboveb efefe; the first is to obtain a trim 
appearance having windows without braces,, though the steel portal frames are 
applied to the outside of an existing building, the second is to maintain the 
combination of steel portal frame and RC-structure as long as possible under the 
horizontal load repeated during a big earthquake, therebv w h e r e bv . increasing the 
strength in the horizontal direction based on the reinforcement effect due to the 
steel portal frame before the building is destroyed so that the collapse of the 
building in the early stage of the earthquake may be avoided even when it is at-a 
big earthquake and the third is to save amount of t fre-steel used for secondary 
reinforcement^ ^ to successfully achieve a simplified construction and reduced 
reinforcement costs e — that — befo — simp li f i cat i on — and — i n o xpons i v e n e s s — of — foe 
re i nforc e m e nt ar e succ e ssful l y ach ie v e d . 
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nrTA.. ph BESSBifllQN ™ thf .mvention 



rel „,:i: nl — — 77^ th : ::: c ^ 

exis.n. Restructure b, M Ht*"" frame tc the outs.de e, the reused 
Ice e structure *ML-^» ■» .ieoows^W UKU 
«c F» 1. me stee, traare ts a porta, traare 3 nrade c. wide fance sections 



a .„., portal frame wifh brae... U^**^ ho, on,, reducin, .ha a.ra.a 

axisting RCndlumn and (tiLwida «..,. sec.i»n column »» d.f»n»in 9 - «• "» « 
i; ,d ,. ,C0- S under tha hdrizpntal - — <™ 

axis.inp RC-beam 8 apd,o, wide flanga sectidn beam 6 daring an aarthpuaKa but 
a,ae inoreasinp .he rasu,.an, s.ran g ,b in the horizdnta, direction ., me combine on 
^7, .b. RC-aolumn and wida flange eacfion coiamn b, decreeaing ma deformefion 
0 , ^C-coiumn 5 effe, yielding so as .0 edualize fha range d. ,uae,-e,as.,c 
daformaticn of aaid combination fo fha. of alaa.ic deformation of tbe column 

"""I sbown ,n Fig. 2,a>, tne wi«e flanga section coiumn 4 is ptaferab,, a welded 
pr „dac. o, H-abapa in coca section Jtt!^ 4w *«* is arrangad Co.. to 
^RC-column. Referring to B^fb, ma column 4 *.,„ed to U^RC-oo bmn . . 
issssm ^ K ^^ tie boops 22 waldad on ,b, oa.ar surface o, .be we 
4v » of .be column^aea^e^fiendi^ rigid!., .bereo. i e_ JDaS * l9 i-b, 
' placing caman, mortar or concre.e 24 in.o .ha apace accommodate aaid tie hoops 
engaged with vertical bars 23. 

' 0019 !ha wide flange section column 4 is mada o, mo-s.ee, of low yield point, 
.educing yield bending a,ten 9 «h on,, w,.hou. tM^sa**^ ""<"" 

„ 9 idi„ theraof, on**.** ,educ,n 9 the raspo esa thereof ^ 

arthguaKe .hrouph .he plastidization hastened b, „e,d,n 9 .he combine on o Ut* 
Ptcclmn and fcP-Wide <lah 9 e section oo,umh a, ma bend,n 9 strength 0, 
approximately 3 to 4 .imaa as strong as .he existing RC-column 5. 

l0020 L„in 9 .o n 9 . 9 . me wide flanpe section column 4 ,a stiffened ^T~*n 
25 . UKIh, ma form o, T in p,an „aw. extending a* over *». a.ories, the I P a 
o, which is waldad on ma outer surface of ih^wed 4w o, the column a P 
M t h,ee-dlmena„n„l, reinforcing ma building b, .he e„gnm. . o 
T .sec,ions with ^interior RC-beama 2eA or earthpuaKe ,es,.,,n, , - • *»£ 
„„„ extending perpendicular,, .0 the externa, wa„. bu, being an„ed . gating 
„C-co,umns , whic^^a rainforcad by ma wida f,an 9 e section doiumna 

[0021] 



IM.T-section 25A projects outside as wide as ajh* verandah 27 of each story. 
[0022] 

As shown in Fig. 11(0 the interior RC-beams 26A or RC-beams over the 
existing earthquake resisting walis have additional beams made of high strength 
fluid ized concrete 30 or cement mortar at both sides thereof Jn^-ee* not 
only aWBLJ***** the desiredeeelfae4e bending moment based on the 
post-tension generated by unbonded prestressing steel bars 31 buried in the 
additional beams, but aisp^Uain^atta^ the strength required in the honzonta. 
direction of said beams. 
[0023] 

[pR CfC RABLC CMDO DI MFNT] 

The_R^H^seismic reinforcement method for RC buildinqs utilizing steel 
portal frames without braces according to the present invention is disclosed below 
in detail referring to some examples. The invention is_«**e^* a method for 
stiffening an existing RC-structure by fixing a_*e stee. frame to the outside of a 
reinforced concrete structure with openings like windows. l M izin a _A ee e^mg-4e 
SUC h reinforcement^ke-a building may be reinforced while leaving inhabitants 
therein What is notable in the invention is that the wide flange section column of 
the stee. frame is assigned aJe-the-bending rigidity roughly equiva.ent to that of an 
RC-column of the reinforced concrete structure. 

t0024 The stee. frame column is equipped with a_t*e bending rigidity of -70% to 
+200% as high as that of an_RC-co.umn 1 i , nrdinq ly the inventive reinforcement , 
aeeef4ifl§<yr 4*-never o_o m m^o.^9^-s stee. porta, frames with braces 
which has a hav*g-the-huge bending rigidity of 50 to 100 times as high as that of 
an RC.co.umn. This means that the bending rigidity of a_wide f.ange section co.umn 
^ed to ^existing RC-column is of the same order as that of tJ1 e_RC-column, being 
much less than that of a_steel portal frame with braces. 

[0025] _ 
Fig 1 shows an outside view of a part of one R^buildir^story with windows 2 
in the RC-structure 1 to which a porta, frame 3 made of w.de f.ange sections without 
braces mentioned above is fixed. The stee. co.umn 4 of porta, frame 3 is combined 
| with ^existing RC-column 5 extending in the vertical direction a.ong the externa. 
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wa „ „, M buiid.ng and .h. s,ee, .... e there., ,s combined - « - 

>he load inc,ud,n 9 .he vertiea, load paused b, .ha w.,gh. a. 
walls 7, etc. 

|0026 L~- - — — 3 M " w " e T"ZZ£Z 

4 and add. .Ian 9 . .notion bean, 6 has no hraeas. nnl i . M tinned W MW 
r^L,he ,.h „ 9 ld,,, oor,..pon*n 9 ,0 that o, ^ = » 
,e,n,o,oed b, b,aoe.. The bending .old,,, -»-»«*"» ^ j .ST 
RC-commn 5 ia ae,ac,ed .0 he rough,, gayMe*^ to that of ' 
I , ,, ,a no„oeab,e ,ha, «ha .,aa, co,un,n fc,— ae*^ > 
P I L,a„ e, U ,,a,en< ,o ,he o, ^RC-ooiunrn *-»^ 

/eLa«,a than ft. -ranra w„h hraces, applied .o .he rem.oroenren, m 
RC-structure. 

'""I hr,e, ,e wide ,,an 9 e sen.ion oo.onrn a rearr... In 

ex(s „„ 9 RCoo,un,n 5 unoer ,h. hori.on.al ,oad ,ran.mi..ed „om ax,a„n 9 RC-oea-n 

1/or wide „an 9 e seCion bean, . „ a hi 9 ear.ho.uaKe The ..re.s ~ 
occurred a. .he oonnec,in 9 par. 9 shown in Fig. 2,a, between tM_e*i ,ng 

R cIo d wide nange seotion colunrn * J ~~~^J~« 

reW o„se to the deorease 0. di«e,ence o. .he bending detorntabon 0. ^.sbng 
RC-column 5 from that of column 4. 

|0028 ,'„ add,,o oe ,he d„orn,a„on 0, RC-coiuurn . is regained a«er .aiding 

a, the diaplacemen. in .he hor.zoe.al direo.ion shown h, .no .n F, 9 3(a) 
I linanon ,0 0, ^RC-colunrn and ^wlde „a„ge ^^4-—- 
' „ possession 0. a broad ran,. S o. q ua.i-..ae.ic delation ,n ,ca. b, < 

0, Utt_w,de .langa seo.ion co,un,n, .urthermore. e^wLaUia. 9 rea. -reese 
strength in .he horizon... direotion .hereo, as desorihed below. 

"""L. the ,ie,d bending e.,ess o. steel colunrn a la nruch hi 99 e, than ,ha, 0, 
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R cc„omn . , case that henoing «*, — 

- — po,,ai ,,am ;: ; c tr«te The -*«— « ,o - 

times as large as uu_XC-.tructi.re ,. t „„„c. capacity Wan 

pre see, ,„».„«on no, o„„ ^^^JT^-J- a, most 

— "I I o! n *eeps origina, openings Witnoa, 
MC. as strong as the etustmg ^ rf wjde ||ange 

sections, being more narrow than the won 

^ • te Fio 2 the porta, frame 3 made of wide flange sections is 
Re ,ernng to F,g. 2, e po ^ ^ anchors „ 

combined with RC-columns 5 and RC-beams B y 

- - _..« 12 soiral hoops 13 and high strength non-shrink mon 
stud dowels 12, spiral nuuy columns b_ej_ajas__,0ft 

— •=::rrrrr,:.:.. — - - .. 



14(a). 



100311 -a fianne section column 4 being roughly 

::::::::::::: s.0^0. tne 



minimum. 



l00 "e t ,gaO.„iona,s, "~~£ZZZZZ- 

ttorizoma, ioa. uaseo on an e.r,h<,ua k e. .ceo, *n , tne 

smootn,, transmit,, trom -.- ^^ I loaa aue to the 
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frame with braces described in the_Prior Art. 

l0033 The steelSte* porta, frame 3 deforms similarly to th^RC-frame 1 as shown in 
Fig Z^Ze former is original* more deformative than the latter ~ 
ip i n. the composition of ^connecting part as we,, as facing t 
simplifying v ^nw^ment. wefke-from des.gn to 

:r- 0 i:r:; t r: - - * « - - - ~ ~ 

1 proved .ha, ft. Oa„d,n 8 WW - 'ol-n * — - — « "~ *" " ' 
IL/ned <o -™» .o prataraa,, « » - «* « - * "» 

existing RC-column. 

' 0034 L U9 h todays d U ,,da,s Oa.ave M .-aces „ ^spansa.,* « ~ 

fundings wvn not ytt Wdn-a*^^""'" 0 " 1 ' 

"""th. a,ea, PO-ta, -a «,«,oa, o-acas ,a,a„a 5 no 8 ...a,-p,..aa to~ 
in requiring no reinforcements such as stiffening plates. 

100361 , rlnn ti r tt' steel portal frames for seismic 

Furthermore, many _«< - plonty o t -smaii »i 
. t a e used**** for an old building, especially, for out-of-date 

::z;ii: 15 ^rspan s ^ „ - F , < r=s 

percentage of the sfiaceaoeu^, be.ng not negl.g.ble, titeajIB-Jt- 
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• ok« uo aaainst wide flange section as main 
reinforcements ment.oned above against 

reinforcements. 

l0037 Lgn the porta, frame wit, braces can not bide tbe existence of secondary 
oo.ied to a^over all the frame, the porta, frame without braces 
reinforcements applied to a^ove __ reinforC ements, 

itself ^ee^ inC ° n8 7;°: a ; ok t0 as f I, buildi ng „ not 
approximately equal to zero, and it may look as 

reinforced. 

i „ ame * one — oon, T — 

^ ..ntii the knowledge mentioned above was. 
braces hashave not been achieved until the know.eag 

discovered b y IbS inventor* found out . 

l0039 ! h e support ^ the wide flange section co.umn having 

mo that of an existing RC-co.umn Mnn PTfWBWl is di^ §a M>e^ea^ 
equal to that of an.ex.st.ng combination 
be ,ow with the explanation of mcreasing the st ngth 

moment of inertia thereof is given as follows: 

{ NUMERAL 1) 1. 

,.+ = 60 x 60 3 / 12 = 1,080,000 cm 4 . 

cracks thereon, accordingly, l,c is obtained below: 
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_ , RC = 1,080,000 cm 4 x 0.7 = 756,000 cm 4 . 

I 0041 ' « on rp column based on the 

The yield bending strength (yield moment) of an_RC column 

, J inertia is given below: Assuming that the total sectional area 
aeometrical moment of inertia is given ue t ^ ranf •„. 2 4 

9 • 17M cm 2 and allowable unit stress f, thereof is 2.4 

:rrrr:: :r ;i: - — - — — ■ - 

the yield bending strength RC M y are obtained as follows: 
{ NUMERAL 3 }3^ 

_j = 7d/ 8 = 7 / 8 (60 - 5.0 ) = 48.1 cm, 

_ therefore, rcM y = a t . ft j 

= 17 . 0 2 x 2.4 x 48.1 = 19.65 t.m. 

ioo42 L p-ov,e, ». «. «*. — > — ^ * 40 M " ,ime,er : w,ae t an : ( ; t ° s 

ce „,: ;.;. a ..P. —ess „ 0, us „eo 9 . . — ~ 
web . ,., cen,ih,e.e.s. .he oeome.-ioe, h,omen« .. .hereof . as -ohowe. 

I [MUMC P .A I 41 1, 

1 , s = 20 2 x 2.5x 40 x2 + 1.6 x 40 3 / 12 

geometrical moment e ,ls of merua cm 
written as follows: 
I {N UMERAL 5 }jL 

u = 88,533x10 = 885,330 cm 4 . 

, , i - 756 000 cm 4 calculated above. 
This is approximately equal to l RC - 756,uuu cm 

l0M3 L„ n m „ au ,us zs. im — . — - °' " de 

section column 4 are respectively as follows: 

I [NUM C RA I 6 } 6,. 

Z s = 88,533 / 20 = 4,427 cm 3 , 
sMy = 4.427 x2.4 = 106.2 t.m 

increase by 5.4 shown above against 1.0 of RC column 
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5tu „ dowel, end cdemlca, anchors are enough ft, ..aneminln, - «™ m * «" 
wide flange section column. 

'"""line. Young's modu.ue e. s.ee, i. abou. 10 times as large as ,ha« o, concre.e. 
,h. example e<-ce,cu,a„on mam****** ,ha, a ..eel column o, *e-t»enO,ng 
alar ,o ,he rein.orced conore.e is easily ob,ainad,e. Abbougb ,be na. U ,eo 
1,0 ced c.ncre,e la d,«e,en, ,rom «ha, o, steei. .bei, behavior ,s -»* ••-" 
l,n the range o, eleatlclt, S,nce the »ie,d bending s.rengtb o, 

n cotum is h, 9 he, than ,h„ ,. RC-co net the condition the, he 

Ling ri 3 ld,„ Is the same amon 9 .hem. bo,b ,b. oomdinetion 0, RCcoiumn end 
„lde ftanse section column basically results in Being elastic 

I '"'I edown in Fig. 3,e, the strength In ,n. horK.nte, direction o, ..wide tlenge 

' section co de o, ordlner, steel Is ,6 times, a, leas, seeping . . 

I s „o„« as the. 0. .he RC-oolumn 5 being regerded as t. The a.ee, ,. loaded up o 
' Z on .. in^I bori 2 on,e, direCoh corresponding ,o ,e limi, 0, elaatic, , 
wh „en, the growth o. damage o, reintorced conce.e remains -I .he 

: zin * i — ,. - ^ ^*zzz 

sec ,ioo column is low. ft. load on .he relntoroed concrete column Mncreaee 
accompanying »l.b damage eased on lerge de.orma.lon. Accordmg 
loven.ion ,he s.ee, porta, .tame confutes ,o decre.se .he damage o, re.n.orced 
concrete column also after yielding. 

'""opposite,, the eias.ic behavior o, the wide „a„ge seCion delays .be advenoe 
,„ collapse 0, reintorced concrete. Thong* ea existing reinforced «^ 
lords seismic energy In compensation to, being damaged, the rem— 
according ,0 the presen, Invention no, only remarbabi, decreases the damage * 
^ reinforced oonore.e bu. ligh.ens .he repair works .hereaRer. 

' 0047 L described above, .be bending rigidity 0, tt^wide .lange eeClon column 
fi ,od ,0 .be e„ S .,n 9 RO-column i 8 n.d .0 -70* .o -200% es nigh at . da. 0 < m 

„ange section column had better be b.gger than that of ex.sfng 
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. Hcno/ /- 1 * times) is enough to restrain the 
consideration of steeL 15 M- ^ 9 RC . column , 

occurrence of cracks injhee* reinforced concrete abetter __ 

beyond its elastic limit. 

side means no. ,0 rein-orc. .he building, .berefore. .he value sh bid be so ec.ed 
. , 70V Because even .he steel having bending rigidity of only 304 of 

s ; ; r. — • - ~ rr 

thebuilding in theearly stage jf an earthquak e. 

100491 ■ ,m nin t i - 1 5t/cm 2 ) for the column 4 reduces the 

Use of the steel of low yield point (.» - 1.6«cm ) to 

Tne y ,e,d moment 0. tBS-Wide flange section co,umn may he reduced fro. 5.4 hn.es 
to 2.7 times as large as RC-column 5. 

| 'Thus ,he wide flange section column can yield a. .he yield bending strength of 
' , ,„ let st.ong as exis.ing RC-column. oo, on,» promo.ing .he plasbczabon 
„ h le . n s ebon colomn a. a blg ea..b,uaKe bu. .educing .he response 
, tl am ,e ea,h,uaK,. in o.he. wo.de. .be abso.p.ion of seismic energy du 
" a g. P.es,ic de,o,ma„on agaioa, .be excaaaiv. fo.ce g.ea.1, res ,a, « 
Igneous ooiiapse wi,ou. ,uic k .eduCion o, s„eng,b o, mg_w.de fianga 
section column. 

^Luse 0. « excessively high yield bending s.,e„„h 0, wide .lange eocbon 
, m „ e"ocu,s some p..h,ems in .he ,ougbness..»pa .eih.o.cemen. fo. 

epi.e 0, almoa, no problems in .bo "^T 
a plied .0 middle- and,, low-rise huiidlnga. ,. is s,g,„can. .0 .educe ,he yield 
beading strength for removing .ha problems described before. 
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' „ 3 shows diagrams 0, load vs. displao tt. horizontal direolion 

un de, ft. condign M «. bending rigid!., 0. I^wid. liange seolion o*., ,s 
sam e as 1ha, 0, ^RCoolunrn. The oolumn 4 made 0, ordlnar, elee, o 
hehaves in abroad ran 9 e as shown in EUH »eads .0 larael, de.orm belore the 
plastieization thereof based on a big earthquake. 

1005 on t«,e o,h d, am «— - - — sec,,on 

hagin^ yield at the horizontal elreng.h o, about 3 time* as strong aa tha o. 
e g R -oolumn so tha, «he wide llange aeotion oolumn ma, be piashoized ,n 
. v.1, ear,, stage during a big earthquake. I. is well-known that ..derate 
lization wide .iange seotion coiuntn renrarkabi, reduoes .be reapon 

a na, ,h. earthquake. Aooordingl, am.,, response straps tao *. es.gn o 

| not on,, .he base o, ^building bu, oie ^structure .hereo. ,0 support 

the economical design. 

' 005 llac.ing the bending atrangth o« wide naoge section coiumn equivalent , that 
0, ,e,n,orced ooncre.e poluntn ,a the baala 0. the preaen, invention 
.hove. thea. giving rational oontpoaition fco. the oonneoting ^ 
diagram 0. ,oad ,a. diaplaoemen, in the horizontal diteCon 0, RCoo am . 

R " an, being drawn oorraaponding,, .0 Pig. 3. ,n .hia oaae a oombinahon o. 
| R C P o ul and wide tlange aaption oolumn .,„ g^be neMormed. aocordtng * 
' RC-column and wid ge aeotion colunrn dePorn, indep ^J^ZZ 

„oub,a.do,.ed Ohain line 0. N made b, piling load va. dlap.aoemen, 0. RC- olumn 

1 L ot wide tiange aeotion oolunrn. being d intila.l, .0 the btoKen Irna. ,n 

Fig. 3, is not obtainable in practice. 

10055 !he - - P— ' — * Bel0 " : * 7 To Z 

examplepTwhich the oolunrn 4 ia tixed to the ohenrioa, anohors 11 d„ven ,n, the 

RC c lull. E^Xta,^ - «™ «" °°' , 

over , the wh^o, ,he promoting par, o, RC-oolanrn 5 . and M « « a-o l er o 
umn doping , Ha, external aurlape on,, o, RCooluntn. Thus. ,. w,de llange 
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section column is arranged so close to reinforced concrete that only the narrow 
space 9A ewty-between existing RC-column and wide flange section requires high 
strength non-shrink mortar. 
[0056] 

Arranging the column 4 close to RC-column 5 requires no stud dowels. The 
steel rigid frame structure can decrease the consumption of secondary materials in 
compensation for the increase i ncr e m e nt of main supporting materials in the case 
that the bending rigidity in the lateral (horizontal) direction of wide flange section 
column equivalent to that of reinforced concrete column can be obtained in spite of 
the reinforcement due to the wide flange section column slightly projecting from the 
external surface of the reinforced concrete. The simplification of steel portal frame 
contributes to not only the decrease of construction materialsw efto but to a foe 
great reduction of total cost for the reinforcement. 
[0057] 

Incidentally, the position for joining columns 4 vertically disposed in series to 
each other in the direction along the axis of column is assigned to the point where 
the bending moment M 5 of RC-column 5 in Fig. 8 is equal to 0 (being called a point 
of contraflexure). Because the middle point between upper beam 6u and lower 
beam 6d gives the bending momentw i4Uv- of M 4 = 0 to column 4 as well as to 
RC-column 5. The steel plate 17 welded on the lower end of column 4 is joined to 
the steel plate 17 welded on the upper end of another column 4 by high tension 
bolts 18. 
[0058] 

Referring to Fig. 7, a hole 19 having an annular clearance 19a shown in 
Fig. 7 (c) allows for a ll ow i ng an inaccurate position of chemical anchor 11 against the 
wide flange section column 4 which is formed in the web 4w of column so as to fix 
the column 4 to chemical anchors driven into the RC-column 5. Welding the washer 
21 used for a nut 20, locksmg- the column 4 to the RC-column, on the web 4w to 
prevents- the column 4 from moving. 
[0059] 

Both the wide flange rolled section with web 4W drawn by double-dotted chain 
lines in Fig. 2(a) and the welded product consisting of three long steel plates are 
available for any portal frame 3 explained above b e for e. The latter with the web 4w 
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««, ma, M^t P™» — P '° dUCtS ffiai£ - 0U, °' ' 
standardizedati©fl-©* rolled section. 

though the stanOatdized P-oduCs 0, rolled section with wide tlange a,e used 

secll „„ col d RC-coluntn, wbe^deeteasing the conauntpbon o, expanse 

high strength non-shrink mortar 14. 

[M Z snot, dietance between wide .lange section coiuntn 4 an, RCcoluntn 5 is 

pre ,l,a ,0, increaelng no. on, « « — 

L as well as <or awning ,he web o. wide .lange section coluton w,h the 

r „,„ 9 e section bean, e, .here,.,, .-ana.-. ^-^^ 

«» „an 9 e section without un,avorab,e shearing .ore. ahOtor moment. 

I , the bending tlgldity o. wide tienge aeClon CO a — n can 

inc ,eaeeb no, on ly 0, welding ,,. hoops 22 on 9 a 9 od wi,h ««- -» » « •» 
ootor surface .. web 4w 0, .no wide .,an 9 o a.o.ion column aa shown . ft.. W 
by placing cement mortar or concrete 24 over ,hem. 

'"'I, teintotcemen, menboned above is applied .o .be building being loaded by 

„. purpose o, enlarging .he tooms as .a, as interior RCbeama , b wal 

Uned so as to rasia, the horizontal tore, in the letara, d.tecbo 

direction of the_y-axis. 

'^Leasing , bet o, earfhgoaxe taaisting walls 

exisbng wells to teihtotce the latere, ditection o. .bui, ing MMP*> - 
spacer* According .0 the present Invention. T-aeotton. 25. .along ton. 
TZT2. a 9 ed ao as to extend a«-ove, ^.h. atorie, along the note, 
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leg 25a of T-sect.on 26A and/or earthquake resisting wall 

T-section is aligned with an_mter,or RC-beam d 

26B extending perpendicularly to the externa, wail and bemg 



RC-column 5 
[0064] 



such Tsee,ion 25 provides «h. MM «•* — * ' e '""" Cea C °"' mnS 

, : rrr:: rr^i- — 

extending from the first story _ 
shown in Fig. 4(b) if necessary. 

100651 on each story provides the apartment house 

with space for reinforcing in the latetai 

wlat h o. verandahs a. the boundaries o, neighboring a A ow . 
W9 le9 o. T-seotlon 25A is proved op to the u.nd,.l - - g 
„„e extended from the earthquake resisting wa,i. .to., b, equalizing 
leg 25a of T-section 25A to the widlh of verandah 27. 

100661 k ,n interior RC-beam 26A and ea.lhquaK. restating wall 26B 

,„ such a case both ,n, r or R c b ^ ^ ^ ^ 

8h .u,d b. reinforced as we * - - ^ ^ ^ ^ 

shown in Fig. 11(c). 

T ,„e> and (b) show the seotiona, views taHing aiong line A-A and line B-B 
, ln ^irir.'ltotive,,. SO, on,, ptacing high Strang, diaed concrete 
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30 or mortar on both sides of interior RC-beams 26A as shown in __Jl(c) bu 
generating post-tension in interior RC-beams by unbonded prestress^ stee 
bars 31 buried in additional beams after curing the oement which_prov.de the 
interior RC-beams 26A with desirable bending moment at their ends, resulting ,n 
attaining the strength required in the horizonta. direction of the beams. Such 
reinforcement enab.es te-remov_e __a part of ___existing earthquake res.st.ng 
walls for the purpose of enlarging the living space. 
[0068] 

[C rTC CTOFT II C I MVrMT IO H] 
According to the present invention, v^-the wide flange section column f.xed 
to existing RC-co.umn is assigned ^ bending rigidity roughly equivalent to hat 
of an existing RC-co.umn __th__one column ^...e^^e^ 
to another, thereby***^ reducing the additional stress occurred by the 
difference of the deformation of t__.RC-co.umn from that of the wide flange sect.on 
co ,umn in the connecting space faced thereto, and besides, remarkably decreas.ng 
the fores transmitted through chemical anchors, etc. 

""""L instantaneous cot.apse o. buildings during a dig aarthguaKs can he 
fa ,o,ah„ avoided since the Increase o, strength in the horizontal direction baaad on 
,he reintorcemen, due to etee, porta, trama before .he coliapae o, t_bui,ding aep 
the comhination o, etee, porta, frame and RCsbuCure oe ,oh 8 as pos.ib... 

addition,, the __H«w* of damage ___oM*C-co, ,ob should have 

vieldad ,. reatralnad before the yield o, wide flange aec.ion since M tang 0 
deformation due td elastic bahauid, o, wida flange section column la 
0, RCoolumn. Thus. no. on,, the damage 0, RCa.roc.ura is decreased bu. .be 
repair worha theteane, is dua .d delaying .be abaorp.ion of se, 5 m,c 

anergy while ,___) e aat^a^einforeed bono,... structure, 

I """"Luna of braces keeps the original .law from windows and one o. g_por,a, 
' „ame made 0. wide flange section* being narrower than .he widtb of exist, ng 

Zn, and ba rd,y ohangas the appaarance o, building. AH o, in_ in 

an apartmen, hduae and tenants In an office building may easily agree wdh 
seismic rain,o,camen. »«- - -""-«■ "°"<°'°- 
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the reinforcement grocesswofte. 

l0071 , l n the case of connecting a brace to a_guasset-plate via a pin joint the 
guasset-plate is required father thick. On the other hand, the steel porta. 
f ~me without braces according to the invention need not use.such a guasset-pia e 
itse.f, resuming in no reinforcement for the web of wide f.ange section beam. The 
rem ova. of the steel materials secondarily used at a high rate for reinforcng old 
ouildings being short in span promotes ^inexpensive reinforcement 
n perationw efte. 

'"""Langlng the web 0, wide Hedge seCion column Cose ,o RC-eoiumn 

wmim » approximate,, i— *• 6S """" 9 ri9 ""' y ,hwe0 ' '° K T ,° 

RC-column. A narrow connecting pa,, enabiee the alignment of the weh of w,de 
flange section column with the web of wide flange sectien been, having a cross 
s ,c«,on mm, .ban the wide ...nge section cofuran, -esuiting in the ■ransmleeion of 
horizontal force in high efficiency on fhe portal frame made of wide flange aectrona. 

'"""ide narrcwa, .he connecting par. ia, .he shorter .ha distance for transmuting 
I «.,« ie-so as no. to sj^aeWha exceeaiae force on .he connecting par,, resuihng 

' in saving ver, ezp igh atrength non-shrinK mortar and 

materia,., e.g.. anchors, etc. Acceding,,, no. or,,, the simplification of he 
connecting part bu, decrease the costs for cons.ruction are attainable through .he 

re duc.,on of .he reinforcement materiaia add the rationalization 0. forceman, 

structurew efte. 

l0074 Both welding tie hoops engaged with main reinforcements on the outer surface 
of web of the wide flange section column and placing cement mortar or concrete 
over them increase the bending rigidity of the wide f.ange section column so t at , 
may b ecome approximately equivalent to that of RC-co.umn even if the w,de f ang 
section column resu.ts in having low bending rigidity by reason of arrang.ng the web 
thereof close to RC-column. 

1007 Aligning wide fienga section ooiumn ,0 the .tee. o, low „e,d point reduoea 
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the yield bending strength only,, without reduction of the bending rigidity, wh e r e by, 
yielding the wide flange section column at the bending strength of approximately 2 
to 4 times as strong as the existing RC-column, consequently, the response stress 
is reduced by the plasticization of columns during a big earthquake. 
[0076] 

Both welding the end of leg of T-section on the outer surface of the web of the 
columns wide flange section and extending T-section all over the stories 
toaether un i t e d l v achieve the complete reinforcement of three axes of x, y and z, i.e., 
reinforcement in the horizontal direction of the external walls of the building, in the 
lateral direction perpendicular to the external walls and in the vertical direction of 
the external walls. 
[0077] 

Projecting a_T-section as wide as the verandah of each house more strongly 
reinforces the building in the lateral direction thereof by utilizing the space of the 
verandah. 
[0078] 

The additional beam formed at both sides of the existing RC-beam connected 
to earthquake resisting wall, which is made of high strength fluidized concrete or 
cement mortar and unbonded prestressedm^ steel bars under post-tensioning, 
provides the ends of reinforced beam with the desirable bending moment, wher e by, 
largely increasing the horizontal strength in the lateral direction perpendicular to 
the external walls of the building. 

[BRIEF DESCR I PT I ON OF DRAW I NGS] 

— [Fig. 1] A sch e matic outs i d e vi e w of a part of th e bu il d i ng to wh i ch RC bui l d i ng 
s e ism i c r ei nforoom e nt m e thod ut ili z i ng stoo l porta l framoo mado of w i de flango 
sect i ons w i thout brac e s i s a pp lie d. 

— [F i g. 2] Sch e mat i c v ie ws of th e compos i tion f i x i ng a porta l fram e mad e of w i d e 
f l ang e se ct i ons to th e outs i d e of bu il ding, (a) shows a se ct i onal v ie w of th e e xamp le 
us i ng a w el d e d product of H shap e i n cross s e ct i on and (b) s hows a s e ct i ona l vi e w 
of th e e xamp le us i ng a st eel co l umn hav i ng h i gh b e nd i ng r i gid i ty. 
— [F i g. 3] D i agram s of d e format i on in th e hor i zonta l d i r e ct i on of column vs. 
hor i zonta l load act e d th e r e on, ( a ) chows l oad v s . d i sp l ac e m e nt i n th e ca se that 
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ordinary stoe l i s us e d for wid e f l ang e s e ct i on co l umn and (b) shows l oad vs. 
di s p la c e ment i n th e cas e that st eel of l ow yie l d point i s us e d for wid e f l ang e s e ct i on 
co l umn. 

— [F i g. A] P l an v ie ws of e x is t i ng apartm e nt hous es hav i ng l iv i ng spac e s part i t i on e d 
by e arthquak e r e s i sting wa ll6 , (a) 6 hows an e xamp le of s ei sm i c r e inforcem e nt 
ut il iz i ng ct eel portal frames w i thout brac e s aga i nst tho horizonta l forc e i n th e 
hor i zonta l d i r e ct i on th e r e of and (b) shows an e xamp le of s e ismic r ei nforcem e nt 
uti li z i ng T s e ct i on aga i nst th e hor i zonta l forc e in th e l at e ral d i r e ct i on ther e of. 
— [F i g. 5] A p l an v ie w of th e ca l cu l at i ng mod e l accord i ng to RC bu i ld i ng seis m i c 
r ei nforc e m e nt ut i l i z i ng st ee l port a l fram e s w i thout brac e s. 

— [F i g. 6] A d i agram showing l oad vs. d i sp l ac e m e nt i n th e hor i zonta l d i r e ct i on of 
RC co l umn and wid e f l ange se ct i on co l umn hav i ng d i ff e r e nt b e nd i ng r i g i d i ty from 
that of RC - co l umn. 

— [F i g. 7] P l an vi e ws of comb i nat i on s i tuat i ng th e w i d e flango soction co l umn c l o se 
to e x i st i ng RC - structur e , (a) shows an e xamp le of RC co l umn covor e d with the w i d e 
f l ang e s e ct i on co l umn, (b) chows an e xamp le of th e w i do f l ange ooct i on co l umn 
fac i ng an e xt e rna l surfac e on l y of RC co l umn and (c) 6 hows an e xampl e of th e 
ch e m i ca l anchors f i x e d to w i do f l ang e s e ction co l umn. 

— [F i g. 8] A olevation v ie w show i ng th e jo i ning part of w i d e f l ang e s e ction columns 
v e rt i ca ll y in s e r ie s arrang e d on a point of contraf l exur e . 

— [F i g. 9] A plan v ie w showing a compos i t i on f i xing T s e ct i on to th e out e r surface 
of w e b of th e w i d e f l ang e s e ct i on column. 

— [F i g. 10] A ole vat i on v ie w s howing a co i cm i c r ei nforc e m e nt compos i t i on f i x i ng 
T s e ct i ons to both s i d e s of l i v i ng spac e . 

— [F i g. 11] (a) shows a d e ta i l e d cros s s e ct i ona l composition of tho ond of int e r i or 
RC boam tak i ng along li no A A i n (c), (b) chows a v i ow tak i ng a l ong li no B B in (c) 
and (c) shows a sectiona l v ie w of th e i nt e r i or RC b e am s upport i ng floor sl ab. 
— [F i g. 12] Cross s e ct i ons of r e inforc e d co l umn, (a) show 6 or i ginal RC co l umn, (b) 
shows RC co l umn cov e r e d w i th addit i onal r ei nforc e d concr e t e and (c) show 6 
RC - co l umn wound by ct eel plat e s. 

— [F i g. 13] (a) shows a sch e mat i c v ie w of s t eel porta l fr a m e bur i od i n the wa ll and 
(b) shows a sch e mat i c v ie w of st eel porta l framo fix e d to tho e xtornal surfac es of 
co l umns and beam s . 
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[DOCUMENT] Ab s tract 
[ABSTRACT] 
ABSTRACT 

[PURPOSES] Th e obj e ct of th e invent i on i s to obta i n a tr i m app e aranc e hav i ng 
w i ndows w i thout brac e s though the 6 teo l porta l fram e s are appl ie d to the outs i de of 
oxist i ng bu i ld i ng, and i s to ma i ntain the comb i nat i on of st ee l porta l fram e and 
RC structuro as l ong as pos si b le und e r th e hor i zonta l l oad r e peated dur i ng a b i g 
earthquake. 

[ I NVENT I ON] A portal frame 3 made of wide flange sections without braces is fixed 
to the external surfaces of an existing RC-column 5 extending in the vertical 
direction and to the external surfaces of existing RC-beam 8 extending in the 
horizontal direction of a reinforced concretet fre building. The wide flange section 
column 4 fixed to the existing RC-column 5 is assigned a to th e bending rigidity 
roughly equivalent to that of the existing RC-column 5, therebv w h e rebv. reducing 
the stress additionally occurrjnged- at the connecting part between the existing 
RC-column 5 and column 4 by deforming the column 4 similarly to the existing 
RC-column 5 under the horizontal load transmitted from existing RC-beam 8 and/or 
wide flange section beam 6 during an earthquake. Using a steel oortal frame 
without brac es preserves the building appearance and avoids bracing which may 
block windows while increasing earthguake resistance. 
[SELECTED DRAW I NG] Fig. 1 
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